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MuUibyered piezoelectric 
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E\;*:i;le I 

A jt I dm on ;c 
c.._:e i »ith ''.icke! iiln 
C;>.r;c-?u in Example ' 



yie;h\!?-e terepruhaiate'' supper: -a .is o\cr- 
n 1 pattern of >uipe<. ->»"? * >;Tie rroccs-i 
The r.i-;\;l was deposited m three thuk- 
r.esses: 2S5 A. I JO \ >nd 53 V The samples 'H 1 :. 1 rjthed in 
Cieacn soiution of H\jmp!; I as in Example I lor 2 mintues at 23'C. 
nr.^ed tn j-iter a.-,d dr.cd. In ea..h ca>e the .:n protected SiUer 
appear :d to react umformh *irh the solution -hi;: 'he silver jn.lcr- 
l> ir- :he tuckc! ^(r;r>es showed no sign of re-ct:<m. 
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Rad Pad 



As NfcO'-n in Figure 1 . --nth 
of the rad 2 re>ts on pads 3 



not shown) on. 
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i rail fj»i:ntnz devices, the foot 1 
clamped in petition by spring 
,:w ilw rail The rail 2 is ir^ula^d 

* fa^emr.g device by nil clip insulators ~ -Ah:-;h are located 
'--i'Ae--n ;hc ^hp jii J the foot ! of rhe nil 2. an J are bent Jo*n at 
:.-e ed^e so tint :h:v :!>o fit and insulate between the alee 5 of the 
-j/ foot ! jnd the ;^tcr;i/.v shoulder ft. Thus the Junction of the 
p^d 3 < ij(-.'i> to support the od 2. 

\ problem arisen .n locatirw the nil accuntely in the fa>remn'. 
The cl,? ..nsularors haw to be held in place Mule the rail is barred 
over in J this has prove J to be an r.Vv-.wrd iifn; consuming and 
">'<y operation. _ ^ 

B'. pro-, idinst 3 pad 3 ot" channel section sho^ n in Fieur: 
:r.e p^ J * !ocote>":s veil as >u?porti the rjii 2. Thus as ir.di.a:ed. 
th? too; I of (he rail 2 U located between '.he wi'M * of the channel- 
-ect:or pad 3. Aiih modi tied insulators 4 35 ;ho»rv 
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Ski':!) shewing sections though Pindrcl nil fastening 
5;:*:/?;-/ [listing f /pe pid 2nd dp msuUtor 

2nd E Proposed greeted pid and modified :nsu(otcr 
I Hot to S"i'» ) 
,Sc'e Spring chps omitted from sketch 
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D:^"i->t:d h-Tjin irj :1c \li r:ii!y r^pi:n?i -c piczo-dct tri-; J.-vio.s ^■":h - .- 
unirr.orph lrd bm-orph oric:icv Tlic piezocic.tnc coupon.'::: >o 
of ^L!ch deuces is a .midtr^yored str-.Kturc .ompnsir.j a ph.rait(> o: 
la\e-s of a plastic ptozovlcctric film prcicracly poly m -a I. dene 
T.Loride uich teven bcin? separated by conduci^i '.jy-ir* -*niwh 
ser^c 3n -* ; ec:rodcs by *Uu\i an clo^tnc IicIJ can he improved 
across ea.h Him hy:t to cause a llcsure actioT in the dev;^. 

Dc::ulcd description of preferred enbodnr.enfS 

Rcfemn-J now ;o the Jr.TA->«. Fig 1 i> a crosi-iectional \ of a 
tVu-filv re;pon;r.e pi-.v-elcctnc device 10 of :hc bimcrph -.ariefv . 
hconc:^ a oair of elongated. cantiliver-mOMntcd. pie:oelec;r-: ^ 
rr.embTi 1 1 '.vliscli are bonded toother aior.a an iniiri j^e I * to 
form a sand-ndviiki ^r.^turc of length I., thickness T. width W. s .-c 
Fii: h ^ote, the Jrawir.^js are 'iot dr:^'n 10 ;ca!e inasmuch 
as%e 'oruih-to-ihicvneii" ratio is not shown in proper proportion. 
iy*lcaUv "his ratio is between 10 and I ZOO. In the drawings. ;he 
ihj^kr.ess dimension hjs been enlaced to Letter sho«. :he ^ru^mr: < 
,-ach of th.ep^zoele.iricrr.embers I 2. 14 

-\s ifd'C-jte.i j rove, pie roelec trie members 12, M extern our- 
so-d'y m a -antiliv-r f.ishion. from a rigid support 20. one end <;f 
e->.-h of the members bemi ruidiy clamped to the support. ^E.ich ot ^ 
the'-i^cel-*ctriC members comprises a plurality of layers 22 0; a hish 
poivmer fsim. oreferabl'. pol/Mnylideiii Huoride (PVF:J. ^hich ha^ e 
be j n iuira^'.v poled to render them piezoelectric. The poling 
0"*-'r3t : 0T ^r.erally m^oKes heating the film to an elesaied temper- 
jtur- lr.d su^eetin- it lo an electric field for some minimum per:oJ 
of time V.h:Ie processed in ;his man ner, the electnc d:po!e> m ir.e 
film become :h^ed *,ch ;he eleCUiC field lines such t.eid bein.; 
apphed across the thickness dimension of the film. Th? 0ipo.es re- 
main ;n this oneni-tion jfier the electnc field has been removed snd 
the film has returned to .mbient r.-mperature. As repr^s P\ r:.!.u 
po! : r.> opcr.!tion involves hea-.n? the matena! to approumately . ol> . 
and applvina j field of 3 pproximalely 3 x I0 4 volts.cm lor a period 
or abo.-it'l "lour For further dci.nK 0:1 the polinj procedure lor 
PVF- reference is made to the disclosures ol IS Patent No j.S*?- .9* 
and 3ri;i,- Pa'cr.t Vo 1 J49..S60 Thin flms of PVF: which have 
been sui'ably poled :o render them ?;.-zoelee;r,c are :ommercnll> 
available from Kureha Chemical InJi.sir>'. Co. Ltd m Tc<yo ; Japan. 
In Fig 1 it will be oored that adjacent film* layers oi eacn p.eio- 
el-cnc member 1 2 nnd 1 happen to be poled in opposite d.re.t.on > 
th- pohrw direction beinz indicted by the arrows Th:s d.iierence ir. 
the polir.1 direction of adjac^i "^^s inherently result s: romjhc 
par:.ci:lar process u^d to form the layers, as descrbed herr.r^^.o v. 
F -her A interface 16. :an be seen that the boitom:r.ost ,i s m 
My- of member ! 2 is poled in the same direction a> the :op-mos; 
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FIG 4 



:Zrr. by er o;' member !4. The reason for this w:!l become apparent 
the ending further d ?s:r: ptio.i. 

Pos.r oncd between adjacent piezoelectric layers of :ach of the 
rre.7ib-.TS 12. i - 1 . is v*-dl as on the top and hot ton -urf:ces 14 and 26 
of :!■; d;\ice. are electrically conductive layers '0. These conductive 
by e:> ;erw is electrodes by which an electric field can be applied 
acre*; ea.h liyer As sho*n in Fr* 1, alternate- ;o.- deceive byers are 
j!e::n*il!> connected togrther by bads 2", 2S >o that when a voltage 
*.s ::~!i,-J to :heie lends from j \o!;j^ source V. in electric field is 

across ea.ii piezoelectric bycr N'oie. the direction of the 
ebc::;c fie I a 1 iir.es. fie from - to ~) across each of the piezoelectric 
by e- compr.siti; member i 2 ;s :n the pohnz di:e;.;:o~ of the p:e.:u- 
ebc'r.. liver. Tnus, whe- switch S :s closed j'uJ 'he electric held is 
.e J j!I of :he mdiv idu:I p;_vce!e*trie layer; of merr.her ! 2 
e\;-;nj m length A> r:g.:rds member 14. r ,- ; J ire cnon of :he 
ir; T-l ;.el 1 is In j direction opposite to the po!.'->i direction of each 
o" p. :rv!!f.:.-!c V/eri comprsing member I- fh^s. when switch 
5 ■ ■• ::o-ed p:e70t*c;tnc member 14 will cone:.: m ler.gth The 
■:\r;- of the ;ruil fiby ered member \2. eoucbj rth the contraction 
o: the re uitiby -ered member I -I. causes the piezoebctric device to flex 
c ': :-d [( should be under itood th.it all of the by erf 22 and 30 of 
oi t.V- piezoelectric members I 2 and 14 e.re bonded together by 
i" ::-e*i*e. such as Fastrran 'J 10 cement, jwtbbb :rom Fa,rma;i 
>.-:.^ Ompjny RoJi^'.-r. \>a York. 

hj,.*. ■>: t!-j piezoelectric by:rs 2 2 corn prices j nini micron t re 
-bo .: 0 \ 10 bnchi ti-.k :VmofPVF: The oppo>!ng p!;injr 
's o: each PYF* filfn lj>er is cojted s-.ich ,> b> \::'.:um 
'"' " : J : . ,1:! ' r '•r'h.tt -:ru\-: l-.hr.tq^cs. ^ith (hir !j^cr .)( jIu minuni. 
- . ; -'S ;;i:c:0f*^i;e j \ * ;n^h » in ih:.'-;n;ss v- ch coj'ings ^e^« ^^ ; : 
.n-.duaoc layers ;0 Su.h inet.dh/.d PYF: fi;r::s can abo be* 
O u :. *.:*d ;.'.>ni ^ureb.j Th-muji fndu^ry C<v Ltd \^ induat-.-d above. 
— ■ -lurn d,:v.en,ion;ii cr^n^es ;n a PVK: u\ r .\ van he Jchir*ed by 



applying a field of appro Minate!y 4 x 1 0*9 oits.'tneter of thickness. 
Fori nine micron :hick la>er, :hi> iransiaie> to a \oltJ'j;e "equirerr.ent 
of only abo.t 3' : 0%oirs Thus. :!ioi:gh ;he overall thickness of each 
of the multibyered piezoelectric elements I 2 .md 1 4 as shov.n in 
Ftg I ib about ,'o microns f ic 4 layer*. \ **> microns per layer) maximum 
dimensional changes in such a member can be achieved by applv.r.g a 
vobciie of only ! 4 ;hi \oltage ^hich won id be reqtiired to produce 
maximum dmensiona! clianges in a. single layer which is 36 microns 
(hi^k. Fur:!ier, by designing each of the piezoelectric members of a 
bwnorph as a mulrslayered structure, a sub>tjiiiul increjNe in the 
beam atren-^h and, hence, driving force is achieved. It will be under- 
stood, of course, that ;rach piezoelectric member 12, 14 may comprise 
substantially more layers Than shown in the drawing. In fact, each 
member may comprise 30 or more layers of film. 

In order to assemble J flexure device of the type described above, 
one surface of a reb'i^ely bree sheet of PVF : film F is coated with an 
electrically con Jt:ctive material C. (See Fig 2a) The opposite surface 
is similarly coated -."itli a conductive material and a small strip at the 
center :s uncoate : to provide two spaced electrodes C and C". each 
covering ili^htly ievs than one- ha If (he surface area of the lower 
surface of trim F Flee trades C and C" are positioned juxtaposed 
rebtivc to the continuous electrode C. The PVF : rllm :s poled by 
gionnding electrode C and applyiii^ bititable voltages of opposite 
pobntici to eiectrodcsC and C". This rcsul's in po!in« one-half of 
the film sheet ,r. or.e direction and the other half of the sheet in the 
opposite direction as indicated by the arrows. The sheet b ;hen 
folded in j /t^-zag fashion, as shown in Figs 2b and 2c, to form a 
plurality of pieats P, As a result of this foidir.^ operation, the PV'F: 
sheet takes the form best illustrated in Fig 3. It will be noted thar. as 
a result of Eln> folding operation, adjacent layers of each of the 
elongated piezoelectric strips I 2' and 14' appear to be poled in op- 
posite directions, however, when a field is applied between electrodes 
C and C\ or between C and C the film positioned therebetween wiil 
either expand or contact, depending upon the poling direction. 

To maintain the folded layers contiguous after the folding 
operation, a hot-mel: adhesUe. such as manufactured by Black and 
Decker, is applied to the electrodes C ( C and C" prior to :he folding 
operation. A conductive paint strip 4Q is applied to both sid-s of 
the folded, multilayer structure to assure that electrical continuity i> 
maintained after the folding operation. To produce the flexure 
action from the piezoelectric device so produced, one of the painted 
conductive strip; is grounded while an electric field is applied to the 
other. This results ir. a undirectional Held across all of the PYF: 
layers. Since half of the !a\ers are poled in the same direction as the 
applied held, and half are po!ed in the opposite direction, one half 
of the piezoelectric layers will expand and the remaining half will 
contract, the result being the flexure action. 

Rather than form the bimorph structure from one continous 
sheet of PV'F: ;"Im. one may. of course, prepare each of the muttr 
layered piezoelectric members !2 and I 4 separately . and then bond 
thrm toe:; her Prior tj such bonding, however, the multibyered 
members mL;>t be oriented '.uth respect to each oiher so that they 
rea-t ,:\ opposite >enses in response to the same applied field. 

In Fig 4, there is iliow- a pair of electrode structures 50 n-.d 5 I 
u hieh are designed to make contact vwth the folded electrodes C. 
C and C" after :he folding operafion. In operation, voltage source 
V is applied to the-.e electrode structure*. 

Various typeN of adhere have been found useful for bonding 
adjacent layers togerher. H-.'t-n-eli glue has been found fo be the 
easiest to control and work with . This plue t; dissolved m toluene 
and applied to the -.ur! jces of electrodes C, C ar.d C". After apply- 
ing the hot-melt ^l,:e !v the electrodes, allowing it to dry. ^-J 
foidirg the fitni m j . T iL'-zag manner to form flic multibyered 
structure shown m F:^s ! c, 3 and 4. the multibyered structure is 
preyed together and placed in a warm -wen to melt the glue and 
achieve the bond.t-g effect. The effect of the bonding layers on trv 
detleuion-lMndw d;!! product of the bimorph nas been found to be 
negit gible. 

!t Adl be jppre.ijted that the method disclosed above can ilso 
be '.^cd :n the rruruficture ot un;morpl; devices In the unimorph 
tlexure Jewce. only o.-.e of the members I 2. 14 in Fig I exhibits 
piezoelectric properties. Thu-s. in tin electric field, the piezoelectric 
member .nil expar,.; or contract, depending on the pohng direct-on. 
and ;!te other rr ember. hich is bended to the piezoelectric 
merrber. ^t!! remain Lnjfb-cted. The result i> the llexure action. 
Oi>\(o.iN ! >. r !.e piezoelectric member of the unimorph may comprise 
the muUii.iyercd piezoelectric phytic film structure Jiv. ,! n'«:d herein 
uith reterence to the bicicrph type device, jud the ^ame manufjc lur- 
ing process can be n;cd to make it. 

rVc'owd by J Kelly La- \ Micli Jel \V Csonto> 
1S-15 
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ABSTRACT : PURPOSE: To facilitate manufacture of a thin, laminated ceramic device with inner and 
outer electrodes formed at a time by baking a laminate in the form of a pleat made of a 
ceramic green sheet which is provided with electrodes on both surfaces. 

CONSTITUTION: A green sheet is formed of an appropriate proportion of an organic 
binder, a plasticizer, and ceramic powder. One surface of the sheet is coated with 
electrode paste by spraying or screen printing, and dried. Similarly the other surface is 
also provided with electrodes. In this manner, a green sheet 1 with electrodes is prepared. 
The electrodes are preferably arranged in stripes at intervals narrower than the electrode 
width, and this arrangement is the same on both sides with some overlapping electrodes. 
This green sheet 1 is folded in such a manner that one end 2 1 of the electrode 2 is inside 
the fold and the other end 2" covers the outside of the fold completely. This makes it 
possible to easily make a thin laminate whose inner and outer electrode are 
simultaneously formed. 
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© Ultrasonic transducer with a murtiple-folded piezoelectric polymer film. 

© An ultrasonic transducer includes a piezoelectric polym- 
er film (14) folded as at least two layers and having 
electrodes on both the surfaces thereof The ultrasonic 
transducer is responsive to a signal, applied across elec- 
trodes, to produce an ultrasonic wave to be focused at one 
spot so that it is converted to an electric signal. In this 
uhrasonic transducer, a groove (24) or through holes (42) are 
formed on and along the folded area (22) of the piezoelectric 
polymer film. 



FIG. 3 
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Ultrasonic transducer with a multiple-folded 
piezoelectric pol ymer film 



This invention relates to an ultrasonic transducer 
with a multiple-folded piezoelectric polymer film. 

In general, as a linear array type ultrasonic 
transducer for use on a linear electron scanning system 
use may be made of an array type in which a ceramics 
piezoelectric substratum, such as lead titanate or lead 
titanate zirconate, includes strip-like elements. This 
type of ceramics piezoelectric substratum is hard and 
brittle in nature and tends to produce defects and 
cracks when the strip-like elements are obtained. 
Furthermore, it is difficult to precisely form many 
strip-like elements. Many problems are also involved 
from the standpoint of manufacturing costs. 

It is known that a fluorine-containing high 
polymer, such as polyvinylidene fluoride (PVF 2 ) or 
polyvinylidene-triethylene fluoride copolymer 
(PVF 2 * TrFE) , or the other organic synthetic high 
polymer is polarized at high temperatures under a high 
electric field to manifest its piezoelectricity and 
20 pyroelectricity. Recently, an ultrasonic transducer 
has actively been developed utilizing the thickness 
shear mode of the piezoelectric high polymer. The 
specific acoustic impedance of this piezoelectric 
polymer is close to that of a human body and, moreover, 
25 a smaller elasticity is involved on the piezoelectric 
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polymer. It is said that, if the piezoelectric polymer 
is applied to a linear array type ultrasonic transducer, 
it is unnecessary, unlike the ceramics piezoelectric 
substratum, to obtain strip-like elements by a cutting 
5 operation or a separating operation. 

The dielectric constant of the piezoelectric 
polymer film is, in general, of the order of 10, i.e., 
prominently smaller than that of the ceramics piezo- 
electric substratum. Furthermore, the drive elements of 

10 the linear array type ultrasonic transducer have a 

smaller area and an extremely high acoustic impedance. 
Usually, a poor matching is involved against a 50 0 
power source (transmitting/receiving circuit), suffering 
an appreciable loss on the ultrasonic transducer. 

15 In order to solve the above-mentioned problems, 

an ultrasonic transducer has been proposed in which a 
plurality of piezoelectric polymer films are properly 
piled up to obtain a thicker polymer film while at the 
same time the electric impedance is lowered. This type 

20 of conventional ultrasonic transducer is shown in 

Fig. 1. In the conventional ultrasonic transducer, a 
plurality of piezoelectric polymer films (3, 3, 3), 
each, have strip-like electrodes 1 on one surface and 
a common electrode 2 on the other surface and are piled 

25 up such that the two adjacent piezoelectric polymer 

films have their identical electrodes located opposite 
to each other as shown in Fig. 1. The opposite, iden- 
tical electrodes of the adjacent two polymer films are 
connected by a solder or a conductive adhesive 4 to 

30 each other. For example, the strip-like electrode 1 
of the first piezoelectric polymer film is located 
opposite to the strip-like electrode 1 of the corre- 
sponding adjacent second piezoelectric polymer film. 
Such a type of ultrasonic transducer is known which 

35 lowers an electric impedance. With Zo representing an 
electric impedance of, for example, a single layer of 
a resonant frequency f, 
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Z - Zo/n^ (n: the number of layers) 
for the ultrasonic transducer of the configuration as 
shown in Fig. 1. An electric impedance of 1/4 is 
involved for a two-layer structure and an electric 
5 impedance of 1/9 is involved for a three-layer 

structure. It is , therefore, possible to obtain an 
improved matching with respect to a power source. In 
the conventional arrangement as shown in Fig. 1 it 
would be difficult to take leads 5a and 5b out of the 

10 electrodes 1 and 2, respectively. 

An ultrasonic transducer of such a type as shown 
in Fig. 2 has also been proposed which has a continuous, 
piezoelectric polymer film 3a properly folded as a 
multiple-layer structure of a desired thickness* In 

15 this transducer, it is easier to take leads from the 
corresponding electrodes and it is also possible to 
lower the electric impedance. However, the following 
problems arise therefrom. 

That is, if a continuous, piezoelectric polymer 

20 film is to be folded, it would be difficult to 
precisely locate the corresponding areas of the 
strip-like electrodes opposite to each other. In 
this case, a possible displacement is produced in the 
vertical directions of the electrodes 1, causing a 

25 difference in the electric impedance of drive elements 
and producing a possible shorting between the drive 
elements. This problem becomes prominent with an 
increase in the number of layers so piled up. 

It is accordingly an object of this invention to 

30 provide an ultrasonic transducer having a piezoelectric 
polymer film which is readily folded as a multiple- 
layer structure and which assures a ready, accurate 
alignment between the opposite areas of corresponding 
electrodes . 

35 According to this invention there is provided an 

ultrasonic transducer including a piezoelectric polymer 
film having electrodes on both the surfaces thereof 
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and folded as at least two layers , the piezoelectric 
polymer film being responsive to a signal applied to 
the electrodes to generate an ultrasonic wave focused 
on one spot and being adapted to receive an ultrasonic 
wave to convert it to an electric signal, in which a 
groove is formed along a folding line on the piezo- 
electric polymer film* 

This invention will be explained below with 
reference to the accompanying drawings. 

Figs. 1 and 2 are cross-sectional views showing 
a conventional ultrasonic transducer; 

Fig. 3 is a diagrammatic, cross-sectional view 
showing an ultrasonic transducer according to a first 
embodiment of this invention; 

Fig. 4 is a perspective view diagrammatically 
showing a state previous to that in which a piezo- 
electric element of the ultrasonic transducer as shown 
in Fig. 3 is folded; 

Figs. 5 to 7 are cross-sectional views diagram- 
matically showing a modified form of piezoelectric 
film with respect to the ultrasonic transducer of 
this invention; 

Fig. 8 is a cross-sectional view diagrammatically 
showing an ultrasonic transducer according to a second 
embodiment of this invention; 

Fig. 9 is a perspective view diagrammatically 
showing a state previous to that in which a piezo- 
electric film of the ultrasonic transducer of Fig. 8 
is folded; and 

Figs. 10 and 11 are cross sectional views 
diagrammatically showing a piezoelectric film of a 
conventional ultrasonic transducer for use in explaining 
an advantage of the embodiment of this invention. 

The embodiments of this invention will be 
explained below by referring to Figs. 3 to 11 of the 
accompanying drawings . 

First, an ultrasonic transducer according to the 
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embodiment of this invention will be explained below in 
more detail by referring to Figs. 3 to 7. 

In Fig . 3 , reference numeral 10 shows a support 
made of , for example, an acrylic resin. A copper plate 
5 12 is fixed on the support 10 and serves as a 

200 pm-thick sound reflecting plate and a common 
electrode. A once-folded piezoelectric film 14 is 
disposed on the copper plate 12 and has a PVF 2 
piezoelectric element 16. A plurality of strip-like 

10 electrodes 18 made of silver are equidis tantly provided 
on one surface of the piezoelectric element 16 and a 
common electrode 20 , made of silver, is provided on the 
whole area of the other surface of the piezoelectric 
element 16. At the common electrode of the PVF2 

15 piezoelectric element 16 a V-shaped groove 24 is formed 
on a substantially central portion of a folded area 22 
of the piezoelectric element 16 such that it is located 
along the folding line, i.e., in a direction perpen- 
dicular to that in which the strip-like electrode 18 

20 extends. The V-shaped groove 24 is formed across 
substantially one half of the thickness of the 
piezoelectric element with the common electrode 20 
separated . 

Fig. 4 is a perspective view showing a state 
25 before the piezoelectric film 14 is folded. The 

piezoelectric body as shown in Fig. 4 is folded back 
upon itself along the folding line with the V-shaped 
groove 24 located at the outer side as shown in Fig. 3. 
The folded piezoelectric film 14 is disposed on 
30 the copper plate 12 such that the common electrode 20 
is in contact with the copper plate 12. 

The common electrode 20, though separated by the 
V-shaped groove 24 as set out above, has its separated 
areas mutually connected by, for example, a conductive 
35 paste 26 which is deposited at and near the V-shaped 

groove 24 as shown in Fig. 3. As the conductive paste 
use may be made of an epoxy resin mixed with carbon, 
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copper or silver powders. 

The folded piezoelectric film 14 is manufactured 
by the following method. 

An about 1 um-thick silver layer is deposited by, 
5 for example, a vacuum deposition method on both the 
surfaces of an about 50 pm-thick PVF2 fillTl which is' 
obtained by a uniaxial stretching method. The resultant 
structure is polarized under an electric field of 6 KV 
at 100°C for 1 hour and then cooled down to room 

10 temperature to yield a PVF 2 piezoelectric element 16. 

In this case, one surface of the PVF 2 film is subjected 
to a patterning as shown in Fig. 4, forming a plurality 
of strip-like electrodes 18 in a manner to be in 
parallel with the direction in which uniaxial stretching 

15 is carried out* As the strip-like electrodes, 64 unit 
electrode elements are formed having a dimension of 
about 0.9 mm in width x about 35 mm in length with an 
element-to-element gap of about 0.1 mm. The other 
surface of the PVF2 film is subjected to a patterning 

20 to form the common electrode 20 made of silver. A 
V-shaped groove 24 of about 30 pm in depth x about 
0.2 mm in width is formed by, for example, a cutter 
along a folding line. The resultant structure is 
folded back upon itself once along the V-shaped groove 

25 24 to provide the above-mentioned PVF 2 piezoelectric 
film 14. Then, a conductive paste 26 is deposited at 
and near the V-shaped groove 24 and dried to provide 
a folded piezoelectric film 14 in which the common 
electrode areas separated by the V-shaped groove are 

30 connected to each other. A lead 28 is connected to 

the copper plate 12 and a lead 30 is connected to the 
respective strip-like electrode 18 of the folded piezo- 
electric film 14 such that it is located at one end 
portion of the piezoelectric film 14 and on the inner 

35 side of the folded piezoelectric film 14. A polyester 
film of, for example, 12 urn in thickness is covered on 
the resultant structure, noting that an epoxy resin 34 
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is filled in a space between the polyester film 32 and 
the piezoelectric structure. The epoxy resin 34 is 
commercially available under the trade name of 301-2 
manufactured by Epotek Co., Ltd. The presence of the 
epoxy resin 34 positively retains the state in which 
the piezoelectric film 14 is folded back upon itself, 
and also assures a positive fixing of the piezoelectric 
film 14 to the support 10. 

In the embodiment of this invention , a folding 
operation can readily been carried out, since the 
V-shaped groove 24 is formed on one surface, for 
example , on the common electrode side , of the PVF 2 
piezoelectric structure to be folded back upon itself. 
This specific arrangement permits the upper portion of 
the folded piezoelectric structure to be accurately 
aligned with the lower portion thereof in a substan- 
tially parallel array. As a result, there is no 
possibility that the impedance of drive elements will 
vary due to a misalignment between the oppositely 
facing strip-like electrodes of the folded piezoelectric 
structure and that short-circuiting will occur between 
the drive elements. It is therefore possible to obtain 
a linear array type ultrasonic transducer of high 
reliability. 

In actual practice, the linear array type ultrasonic 
transducer was measured, but no electric impedance 
variation was not observed across the unit electrode 
elements. When a pulse voltage was applied between the 
common electrode 20 and eight of the unit electrode 
elements, the ultrasonic transducer was operated at a 
frequency of 5 MHz. 

The PVF2 piezoelectric transducer may be formed in 
a multiple-folded fashion to obtain a linear array type 
ultrasonic transducer of a low electric impedance. Even 
in this case, it is possible to readily perform such a 
folding operation . 

Furthermore, a V-shaped groove 24 is formed along 
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each folding line, preventing the folded area from being 
extremely bulged. 

It has been confirmed that, if the folded area of 
the conventional piezoelectric body as set out below 
5 is bulged as shown in Fig. 11, an electric loss or an 
"electric stroke* 1 occurs on the bulged area, or an 
acoustic coupling, for example, occurs there, causing 
a disturbance of ultrasonic radiation beams. 

In the embodiment of this invention it is possible 

10 to prevent such an electric loss or a possible 

disturbance of ultrasonic radiation beams, because 
there is no bulging area at the folded area of the 
piezoelectric film. It is therefore, possible to 
obtain an ultrasonic transducer assuring an excellent 

15 performance. 

In the embodiment of this invention, the groove 24 
is provided on one surface, for example, on the common 
electrode side, of the piezoelectric film 14 such that 
their separated areas of the common electrode are 

20 electrically connected through the conductive paste or 
metal film 26 deposited at or near the groove 24. 
However, this invention is not restricted thereto. For 
example, the metal film 26 for electrical connection may 
be provided, by a vapor deposition method or a sputtering 

25 method, on the V-shaped groove 24 at the folded area 22 
of the piezoelectric film 14 as shown in Fig. 5. 

As shown in Fig. 6, the piezoelectric film may 
be folded back upon itself with a V-shaped groove 24 
internally formed along a folding line on the opposite, 

30 inner, common electrode 20 areas of the piezoelectric 
film. In this case, a conductive paste 26 may be 
deposited at the V-shaped groove 24 to permit the 
separated areas of the common electrode to be connected 
together . 

35 Where the piezoelectric film 14 is folded back upon 

itself with the groove 24 inside, it is still possible 
to locate a conductive plate 38 at a proper place 
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between the opposite, inner, common electrode areas to 
permit an electrical connection to be made therebetween. 

The leads 28 and 30 may be connected at any place 
to the common electrode 20 and strip-like electrode 18, 
5 . respectively. For example, the leads 28 and 29 may be 

connected to the corresponding electrodes, respectively, 
such that, as shown in Fig. 5, the lead 30 extends on 
the upper side of the electrode 20 and the lead 28 
extends on the lower side of the electrode 18. 

10 An ultrasonic transducer according to a second 

embodiment of this invention will be explained below 
by referring to Figs. 8 and 9. The same reference 
numerals are employed to designate parts or elements 
corresponding to those shown in the first embodiment 

15 of this invention. Further explanation is therefore 
omitted . 

In the ultrasonic transducer according to a second 
embodiment, two folded areas 22, 22 are formed on a 
piezoelectric element 16 to provide a three-layer 

20 piezoelectric structure as shown in Fig. 8. Through 
holes 40, 42 are formed at the folded areas of the 
piezoelectric element in place of the V-shaped groove 
24 set out above . 

That is, the through holes are formed, in two rows, 

25 at those locations adjacent to strip-like electrodes 18 
on a piezoelectric film 14 such that they are located 
in a directon perpendicular to that in which the 
strip-like electrodes 18 extend. The piezoelectric 
film 14 is folded, along the two rows (40, 42) of the 

30 through holes, with an adhesive layer 34A initially 
coated thereon, providing the piezoelectric film 
structure with the adhesive layer filled therein • 
The piezoelectric film 14 is manufactured as 
follows : 

35 First, an about 1 ym-thick silver layer is 

deposited by, for example, a vacuum deposition method 
on both the surfaces of an about 50 pro- thick PVF2 film 
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which is obtained by a uniaxial stretching step. The 
resultant structure is polarized under an electric 
field of 6 KV at 100°C for one hour and cooled down 
to room temperature to provide a PVF 2 piezoelectric 
structure. In this case, a silver layer on one surface 
of the piezoelectric structure is subjected to a 
patterning as shown in Fig. 9 to provide strip-like 
electrodes 18 in a direction parallel to that in which 
uniaxial stretching is carried out. As the strip-like 
electrodes 18, 64 unit electrode elements are formed 
each having a dimension of 0.9 mm ir* width x 45 mm in 
length with an element-to-element gap of 0.1 mm. The 
silver layer on the other surface of the piezoelectric 
structure is subjected, as required, to a patterning 
to provide a common electrode 20. Then, small through 
holes (40, 42) of about 50 ym in diameter are formed, 
by a laser beam, in two rows on those fold formation 
areas 22 which are adjacent to the strip-like electrodes 
18. Then, the resultant PVF2 piezoelectric structure 
14 is folded along two rows (40, 42) of the through 
holes to provide an S-shaped (three-layered) piezo- 
electric structure as shown in Fig. 8 with an epoxy 
resin series adhesive cemented by a press. The adhesive 
is commercially available under the trade name of 301-2 
manufactured by Epotek Co., Ltd. A lead 28 is connected 
to a copper plate 12 and a lead 30 is connected to the 
respective strip-like electrode 18. A polyester film 
32 of, for example, 12 ym in thickness is covered on 
the piezoelectric structure to provide a ultrasonic 
transducer as shown in Fig. 8 in which the adhesive 
(301-2) is occupied therein. In this connection it 
is to be noted that the piezoelectric structure is 
supported on a support 11. 

According to the second embodiment of this 
invention, although the piezoelectric structure is 
folded along the two rows (40, 42), it is possible to 
obtain the same effects as shown in the first embodiment 
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of this invention. Furthermore, it is not necessary to 
employ any co^u-ctive paste for electrical connection, 
because the respective electrodes are not electrically 
separated by the through holes (40, 42). The adhesive 
5 layer 34A is passed through the through holes (40, 42) 
of the piezoelectric film 14 to suppress the bulging of 
the folded area to a small extent. At the same time, 
any excessive amount of adhesive in the layer-to-layer 
gap can be removed to form a very uniform, thin adhesive 
10 layer 34A. When, therefore, the ultrasonic transducer 
is operated, it is possible to eliminate a possible 
acoustic coupling and "electric stroke" at those areas 
adjacent to the strip-like electrodes where no voltage 
is applied. 

15 When a length of a piezoelectric polymer 3a is 

doubled back upon itself as shown in Figs. 10 and 11, 
a force acts in a direction as indicated by ar-rows B , 
causing the adhesive to be moved toward the folded area 
(i.e. in a direction as indicated by an arrow A) where 

20 it is concentrated to cause the folded area to be bulged 
as shown in Figs. 10 and 11. 

In the ultrasonic transducer according to the 
second embodiment of this invention no bulging occurs, 
since no excessive amount of adhesive flows toward the 

25 folded area due to the presence of the holes 40, 42. 
Furthermore, when the PVF 2 piezoelectric film 14 is 
to be multiple-folded to provide a linear array type 
ultrasonic transducer of a low electric impedance, a 
folding operation can be readily effected along the 

30 through holes (40, 42). 

According to this invention, since the through 
holes (40, 42) are formed on the folded area of the 
PVF2 piezoelectric film 14, an extra amount of adhesive 
is passed out through the through holes (40, 42) during 

35 the folding/cementing step to obtain an integral unit. 
It is also possible to obtain a modified form of PVF2 
piezoelectric film which includes, for example, a 
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continuous, vertical, multi-folded structure including 

concave layers. 

According to this invention, the through holes, 
though formed by a laser beam on the PVF 2 piezoelectric 
5 film, may be formed by, for example, a melting method 
or a mechanical method on the PVF2 piezoelectric film. 

It is desirable for the through holes to be 
formed on the non-working areas between the respective 
strip-like electrodes as in the second embodiment* 

10 However, they are formed on the strip-like electrodes 
so far as the operation of the ultrasonic transducer 
is not affected by the configuration of the strip-like 
electrodes. The through holes may also be formed on 
the boundary area between the working and non-working 

15 areas if a narrow gap is defined between the strip-like 
electrodes • 

This invention is not restricted to the above-" 
mentioned embodiments. Various changes or modifications 
may be made without departing from the spirit and scope 
20 of this invention . 

For example, the piezoelectric film may be formed 
with four or more folding areas, instead of being 
formed with two or three folding areas. 

According to the above-mentioned embodiments, as 
25 the PVF2 piezoelectric body use is made of a piezo- 
electric material, but use may also be made of a 
fluorine-containing synthetic high polymer, such as 
TrFE, or the other organic high polymers showing the 
piezoelectricity, or a complex piezoelectric film 
30 prepared. by mixing with a high polymer resin a ceramics 
type piezoelectric powder such as powdered lead titanate 
or lead titanate zirconate. 
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1. An ultrasonic transducer including a piezo- 
electric polymer film having electrodes on both the 
surfaces thereof and folded as at least two layers, 
said piezoelectric polymer film being responsive to a 
signal applied to the electrodes to generate an ultra- 
sonic wave focused on one spot and being adapted to 
receive an ultrasonic wave to convert it to an electric 
signal, characterized in that a groove (24) is formed 
along a folding line on said piezoelectric polymer 
film (14). 

2. The ultrasonic transducer according to 
claim 1, characterized in that said groove (24) on a 

15 folded area (22) of said piezoelectric polymer film is 
formed on a side on which an outside electrode of said 
electrodes is located, 

3. The ultrasonic transducer according to 
claim 1, characterized in that said groove (24) on a 
folded area (22) of said piezoelectric polymer film is 
formed on the side of said electrode (20). 

4. The ultrasonic transducer according to 
claim 1, characterized in that said groove (24) on a 
folded area (22) of said piezoelectric polymer film 

25 extends along said folding line to separate one of said 
electrodes into two areas, said two areas of said one 
electrode being electrically connected to each other 
through a conductive material (26). 

5. The ultrasonic transducer according to 

30 claim l r characterized in that said groove (24) on 

the folded area of said piezoelectric polymer film is 
V-shaped in cross section. 

6. The ultrasonic transducer according to 

claim 4, characterized in that said conductive material 
35 (26) is covered on said groove on the folded area (22) 
of said piezoelectric polymer film, said conductive 
material being made of a conductive paste. 



20 
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7. The ultrasonic transducer according to 

claim 4, characterized in that said conductive material 
is occupied as a hard conductive layer in a space 
between the opposite layers of said folded piezo- 
electric polymer film and serves as a spacer (38) and 
said electrode areas separated by said groove are 
electrically connected to each other through said 
spacer, said spacer supporting said piezoelectric 
polymer film in place to leave a substantially uniform 
layer of said conductive layer between the opposite 
layers of said folded piezoelectric polymer film. 

8. An ultrasonic transducer including a 
piezoelectric polymer film (14) having electrodes on 
both the surfaces thereof and folded as at least two 
layers, said piezoelectric polymer film being responsive 
to a signal applied to the electrode to generate an 
ultrasonic wave focused on one spot and being adapted 

to receive said ultrasonic wave to convert it to an 
electric signal, characterized in that holes (40, 42) 
are formed along a corresponding folding line on said 
piezoelectric polymer film. 

9. The ultrasonic transducer according to 

claim 8, characterized in that said holes on the folded 
area (22) of said piezoelectric polymer film extend 
through said piezoelectric polymer film. 

10. The ultrasonic transducer according to 
claim 9, characterized in that said piezoelectric 
polymer film (14) has a common electrode (20) formed at 
the whole area of one surface of the film and strip-like 
electrodes equidistantly formed on the other surface of 
said film and said through holes (40) are formed at an 
area between said strip-like electrodes. 
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